Purpose -This paper aims to draw the disciplines of demography and housing research closer together and looks to social indicators for an insight into the level of house prices. Design/methodology/approach -A two-stage process was used to examine a global capital city. The first stage used social area analysis to examine household characteristics for at the suburb level, followed by stage two which examined the relationship between these demographic valuables and the level of house prices. Findings -While acknowledging the overall level of house values is also influenced by many other factors including economic and political variables, considerable differences in housing values between different suburbs can reliably be explained by demographic variables. Originality/value -These findings provide a new insight into the relationship between demographic variables and house prices at the neighbourhood level.
Introduction
An improved understanding of housing markets is assisted by identifying and understanding individual factors influencing housing decisions (Boris et al., 2009; Yates, 2000) . It appears little attention has been placed upon economic drivers behind the location decision, including the relevance of house prices in a particular neighbourhood and a household's financial capacity to afford to live in this location. This is despite an acknowledgement that higher socio-economic households prefer to live in neighbourhoods with higher house values (Grisby, 1963; Baer and Williamson, 1988) . Recently there has increased interest in gaining an understanding about the relationship between residential property values and other non-property parameters which affect the urban location decision (Benefield, 2009) . Research into housing consumption has established links between demography and actual housing decisions (Meen and Meen, 2003) , although usually with minimal reference to house prices at the neighbourhood level (Mcleod and Ellis, 1982 ). An improved understanding into the relationship between demography and house prices would assist stakeholders to understand the implications from future demographic changes on housing needs, such as the effect of an ageing population upon demand for housing and the relevance of house prices in this scenario (Shaw, 2002) . The accepted approach to assessing the value of housing at the neighbourhood level is based on economic considerations and compares the value of recent sales to determine housing value . Little consideration, if any, is traditionally given to the demographic characteristics of residents in the specific neighbourhood and the relationship with housing values even though the links have been clearly identified (Reed and Conisbee, 2006) . The housing value assessment may examine broader economic variables which influence the market froma macro-economic perspective, such as interest rate changes, inflation, and the cost of construction. Although such variables affect market perceptions there are limitations to the effect on house prices; for example only homeowners with a mortgage are adversely affected by higher mortgage rates, although the indirect effect on the broader marketplace is acknowledged. Other factors such as the type of housing and geographical location of the land are also relevant and discussed in detail, however little attention is usually placed upon the characteristics of the purchaser who make the locational decision about where to purchase (Hughes, 2003; Liu et al., 2008) . This is a critical role where demography can contribute substantially, although previously has been limited to an analysis of migration into and out of cities to draw links with levels of demand. There are also direct benefits for understanding social sustainability, especially in the context of affordable housing which is directly linked to specific cohorts in society (Forster-Kraus et al., 2009 ). However, detailed characteristics of residents such as education and income are often not fully encapsulated in the process of analysing house prices and broader property markets. This research conducted a detailed case study approach to model the relationship between demographic variables and residential house prices at the neighbourhood level in Melbourne, Australia. This study is primarily concerned with two important cross-sectional variables, location and human behaviour, with the added dimension of change over time based on 1996, 2001 and 2006 . It initially focuses on demographic variables using principal components analysis (PCA) and examined all neighbourhoods in a global city. The results are then regressed against median suburbs values, highlighting the contribution of each factor and their collective contribution to the overall model. Based on this approach the relationship between demographic variables, as interpreted social area analysis, and median house values can be examined in detail.
Collective research into demography and property markets
Property researchers and demographers have attempted to bridge the gap between demography and urban housing market interaction although have been generally unsuccessful (Lindh and Malmberg, 2008) . The seminal discussion in urban sociology focussed on Chicago (Park et al., 1925) and acknowledged the relevance of land values with reference to the development of urbanised areas, although was unable to conduct a detailed discussion at the neighbourhood or precinct level. Another noticeable omission was an examination about the cost of improving land based on varying densities. There has been interest in understanding forces affecting the segmentation of urban cites for many years (Taeuber and Taeuber, 1965) although researchers have been restricted, partly due to data limitations. Although demography is largely concerned with fertility, mortality, migration and population forecasts, it has gradually been acknowledged for useful information to assist with the analysis of real estate markets (Mulder, 2006; Lee and Gibler, 2004; Reed and Mills, 2007) . This application has been predominantly restricted to household population forecasts considered essential when predicting future changes in the urban cities (Reed, 2005; Wargon, 2001) , such as effectively modelling the level of housing supply and residential segregation (Vang, 2010) . As property analysts increasingly rely on forecasts in relation to housing and investment, demographic statistics are increasingly acknowledged for their invaluable contribution (Rose, 2004) . For example, statistics concerning household income levels are extremely useful for comparing different life-cycle stages including the formation, maturing and dissolving of the traditional family unit (ABS, 2010) . On the other hand it has been an demonstrated that ageing of the "baby boom" generation will potentially cause a decrease in house prices due to lack of demand (Reed, 2000 (Reed, , 2005 . Links have been identified between rental affordability and household characteristics (Beer, 1999) although similar research with direct reference to house prices has not been undertaken. The neglect regarding research into the disciplines of demography and housing research has been acknowledged for some time, although arguably is due to the lack of combined studies in:
. the division of separate agendas between these two fields of research; and/or . limitations in data availability and analysis (Myers, 1990) . This paper addresses these obstacles and undertakes an innovative study combining housing market research and social area analysis, with the emphasis placed on the individual characteristics of residents rather than broad measures of population such as age and number of residents or households. Earlier studies into household characteristics and locational decisions have proven useful in understanding household dynamics but have only conducted at the aggregated county or regional level (Morrow-Jones and Wenning, 2005) . A study into residential segregation based on neighbourrace and ethnicity was undertaken in the USA at the neighbourhood and census tract level (Friedman, 2011) ; the results were mixed and indicated that ethnicity and neighbourhood race were important at the neighbourhood level, but less significant at the census tract level. There was no reference to the level of house prices and affordability. Research into residential house prices is not as established as other land uses or even as other disciplines, however it is an area which has evolved ( Jaffe, 1997) . Whilst substantial research has focussed on variations between cities at the inter-metropolitan level, there has been a lack of interest in developing the relatively small body of knowledge at the intra-urban or metropolitan scale and an overall lack of concern (Maclennan and Tu, 1996) . A higher house price is often simply reflected by the residents' willingness-to-pay to live in certain suburbs, suggesting a close relationship exists between social indicators and the price of established housing in the same neighbourhood. However, research has not been entirely successful in establishing empirical links between these factors and intra-metropolitan price variations (Potepan, 1996) . Earlier studies have established that short-run forecasting is difficult and long-term forecasting practically impossible in the analysis of housing markets without fully considering changing demographic factors (Berson, 1997) . These factors affect the type and level of demand by suburban residents with consideration given to low-density housing, homogeneous neighbours, peace, quiet, nature and out-of-doors, traditional values, a slow pace and the absence of traffic congestion (Brower, 1996) . One of the few studies was based in Scotland and England/Wales and examined the relationship between demography and house prices between 1968 and 2004 (Levin et al., 2009) . Whilst acknowledging the lack of research between these two disciplines, the findings were limited as the house price data was aggregated at the country level rather than city or neighbourhood level. An examination of US households and house prices between 1968 and 1993 was restricted to aggregated data based on five regions covering the entire country (Clark et al., 2003) , which in turn ensured the findings were not relevant at the neighbourhood level.
Social area analysis
The original concept was based on a method of accurately describing the socio-economic structure and spatial distribution of urban populations although has changed little initially proposed (Murdie, 1969) . Social area analysis remains a proven means of understanding the spatial distribution of urban cities using demography; surprisingly there has been comparatively little research linking social area analysis with house price research. It is generally accepted that social area analysis originated with researchers in California interested in defining intra-metropolitan community areas (Johnston, 1971 ) with the initial landmark study based on Los Angeles (Shevky and Bell, 1955) . This approach was later replicated by other researchers (Murdie, 1969 ) who produced the model in Figure 1 representing:
. the concept of layered social dimensions or constructs; and . the relationship with real estate as the physical space.
The diagram was known as an "idealized spatial model of urban ecological structure and change" whereby the model concentrated upon showing how identified social dimensions are spatially distinguished (Murdie, 1969, p. 8) . Importantly, the unique spatial location of each property's location is retained as a central component of the model where two parcels of lands cannot have the same location or be identical. This principle also forms the underlying foundation for this research in the discipline of housing market analysis. The original research by Shevky and Bell (1955) identified three main dimensions in urban cities from a geographical perspective although ignoring the value of house prices and afforability:
. Socio-economic status (measured by income, education, occupation type, etc.).
. Family status (measured by age, household type, marital status, etc.). . Ethic status (measured by country of birth, other languages spoken, etc.). This procedure was been replicated many times by other researchers with independent studies confirming the existence of these three dimensions in other global cities. These include:
. Seattle, USA (Schmid and Tagashira, 1964) ; . Melbourne ( Jones, 1965) ; . Toronto (Murdie, 1969) ; . Sunderland (Robson, 1969) ; and . Chicago (Rees, 1970) .
Previous research in social area analysis successfully explained spatial variations in urban structure, and reasons for differences between regions. The initial model reproduced in Figure 1 confirms the existence of three primary social constructs: socio-economic status, family status, and ethnic status. It should be noted the social dimensions in the upper layers have an observed relationship with the spatial location of the built environment on the bottom physical space layer.
Research design
This research seeks to identify the links at the neighbourhood level between the characteristics of individual residents as described by demographic variables, with housing markets measured via median house values. It examines change between 1996, 2001 and 2006 and used the following three-stage approach:
(1) Principal components analysis identified social dimensions from range of demographic variables (Table I ) for each suburb which were then retained for further analysis.
(2) Multiple regression analysis (MRA) examined the relationship between the retained factor scores from the PCA in stage 1 (as independent variables) and established residential house prices (as the dependent variable). (3) MRA (backward stepwise) repeated the stage two analysis.
The analysis was restricted to sales of established residential houses in suburban Melbourne with the focus placed on a typical detached house and land with an area less than 2,000m2. This process excluded medium and high-density unit accommodation as well as rural-residential areas where the land forms a substantial component of the overall property value. Only suburbs in an advanced stage of urbanisation were retained where the majority of the land was developed for housing, therefore decreasing potential bias when including sales with a high proportion of value in the land component. The house sales data was supplied by the Valuer-General Victoria, being the statutory body for the collection of land-based data in Victoria.
Analysis
Stage 1 -PCA The initial stage of this analysis was limited to census variables (Table II) After completing the initial PCA the factors were rotated using "Varimax" rotation to highlight differences between each factor. A summary of the PCA results is presented in Table I (1996), Table  II (2001) and Table III (2006) where the identified dimensions for each census year are listed with full details in Table II . Following the initial PCA only factors with eigenvalues exceeding 1.0 were retained for the second stage multiple regression analysis. The factors with substantial loadings (i.e. over 0.7) on multiple variables were allocated names with a high degree of certainty, although the remaining factors were retained but unnamed due to lack of significant loadings on variables. The factors from each census were assembled in descending order according to their ability to explain variations in the data set with the detailed results listed in Table III . With reference to 1996, Table IV highlights the prominence of Age (Seniors) as the first factor accounting for the largest variance (23.26 per cent) with Socio-economic Status being the second factor with a slightly lower variance (22.87 per cent). The third factor was Ethnic Status with a substantially lower variance (14.49 per cent) followed by Age (Baby Boomers) at 8.12 per cent. The balance of the factors did not include sufficient high loading variables that showed a distinct pattern with the exception of Family Status as the sixth factor. In a similar manner to 1996, Table V highlights the prominence of Age (Seniors) as the first factor in 2001 although the variance had risen to 24.91 per cent with Socio-economic Status being the second factor (20.57 per cent). The third factor was Low Income (15.85 per cent) with Age (Baby Boomers) at 7.86 per cent. The fifth factor was Family Status with 5.28 per cent followed by Ethnic Status at 4.88 per cent. The remaining two factors did not include adequate high loading variables and consequently remained unnamed. In Table VI the first factor in 2006 was Family which was associated with 20.35 per cent of the variance with Socio-economic Status identified as the second factor (19.76 per cent). The third factor was Labour Force (11.36 per cent) followed by Age (Seniors) at 9.21 per cent. The next factor was Age (Baby Boomers) at 7.58 per cent followed by Age (Gen X) at 7.14 per cent. The remaining four factors did not include adequate high loading variables and therefore were not named.
Stage2 -multiple regression analysis
The original factors from the PCA were retained as factor scores and entered into the MRA as independent uncorrelated variables. The median value of established housing for each suburb was also entered for each census year as the dependent variable. The retained factor scores for 1996, 2001 and 2006 were regressed against established house prices for 1996, 2001 and 2006, respectively, with the detailed results from both models listed in Table VII . In reference to 1996, the results are summarised in Table VIII Table IX with an adjusted R 2 of 69.5 per cent. Although Socio-economic Status returned the strongest relationship with median house prices as expected, Age (Seniors) also highlighted a positive relationship. These were accompanied by Family Status, and then Ethnic Status to a much lesser extent. On the other hand Low Income was associated with lower house prices as anticipated, with Age (Baby Boomers) being overall unreliable. Summarised in Table X are the results from the 2006 data analysis with an adjusted R 2 of 74.7 per cent. As anticipated Socio-economic Status had the strongest relationship with median house prices as expected, there is evidence that Age (Baby Boomers) and Age (Seniors)were also directly linked to higher house prices, as well as engagement in the Labour Force (although unreliable). A negative coefficient was associated with Age (Generation X) which are typically are located in areas with lower house prices. 1996-2001-2006 Overall the regression analysis indicated social dimensions accounted for approximately 70-75 per cent of the variation in suburban house prices between 1996, 2001 and 2006. The changes in the models identified above could be attributed to various factors including:
. A changing social landscape with lower fertility rates that affected Family Status. Families with fewer children and dual income are located in more expensive suburbs in 2001. . An increasing proportion of older residents reflected by the age variables, commonly referred to as Seniors. However, by 2006 this cohort was located in less expensive areas. . A higher wealth status for Baby Boomers who are now living in more expensive suburbs. . Continued integration of residents classified as Ethnic Status into Australian society where segregation is less apparent, although arguably living in cheaper locations.
Stage 3 -MRA (backward stepwise) The final stage was to undertake a MRA using a backward stepwise approach, where only the factor scores with a high degree of reliability were retained. The results for 1996 are listed in Table XII where five out of the original nine variables were retained. The model confirmed that higher priced suburbs in 1996 included more residents with Socioeconomic Status although fewer residents with Ethnic Status. From the original eight factors used in the complete 2001 model, only two factors were retained using backward stepwise regression as shown in Table XIII . Although Socio-economic Status returned the highest loading, Age (Seniors) was confirmed as being positively related to house prices. There were six factors retained as listed in Table XIV in contrast to the original ten factors entered into the model. Socio-economic Status again returned the highest loading which was followed by Family and then Age (Baby Boomers). Ethnic Status was the only named factor which was negatively correlated.
Research findings
This research confirmed that a relationship existed between established house values and social constructs in Melbourne during 1996 Melbourne during , 2001 Melbourne during and 2006 . After entering the social dimensions (representing demographic variables) as independent variables into the MRA model, approximately 70-75 per cent of variation in house prices was explained by demographic characteristics when assembled into independent factors. A summary of changes over time of these social constructs is evident in Table XV based on stepwise regression analysis. The constructs have been in a continual state of change in response to variations in household composition and society at large.
Relevance to earlier studies It was evident that the inclusion of Socio-economic Status, Family Status and Ethnic Status in the 1996, 2001 and 2006 censuses generally supported the earlier Shevky and Bell (1955) model that originally identified these three original dimensions. However, each factor was not observed in the first, second and third order as per the Shevky and Bell (1955) findings. There is some evidence to suggest Ethnic Status is not a strong factor and has weakened over time; this is surprising when considering the cultural diversity of the population in Melbourne. Emergence of new factors This analysis has highlighted the changing nature of demographic trends with direct reference to age cohorts. This trend commenced with Age (Seniors) that contributed to the 1996 and 2001 models. This shift is due to the ageing of the population, which has been accelerated by increased longevity and reduced fertility rates. It appears that older sections of society with fewer children are able to live in areas with higher property values, partly due to the wealth accumulated over time but not adequately reflected by existing income levels in the census (Painter et al., 2004) . Possibly this is a result of:
. lower daily living costs with fewer children; and . the potential for a dual income household.
Furthermore, many older residents have lived for many years in areas that are in close proximity to the CBD or the ocean. As house prices in the local area have increased due to limited supply, their values have also increased substantially. Often these rises in value may be accompanied by older homes with character and possibly situated on larger allotments. Whilst there should not be major concerns about the effect of an aging population on the broader economy (Shaw, 2002) , the effect of the housing market cannot be overlooked. In the 2006 analysis a new factor Labour Force was identified and aligned part-time employment with higher value suburbs. This supported the argument about housing wealth where part-time employees were associated with higher value housing, or conversely that part-time 2nd income was needed to meet higher housing costs. The result confirmed the segmentation of housing between different age brackets, which in turn is associated with the wealth of the baby boom generation.
Long term trends Whilst only a ten year timeframe was used, it is possible to identify emerging trends as summarised below. It should be noted that all of these trends appear likely to continue in the foreseeable future:
. Socio-economic status. Over time this has decreased in importance relative to higher house prices. As the model does not consider wealth status such as cash savings, this does not reflect the increased wealth of the residents and lower reliance on borrowed funds to own property. . Family status. This construct is positively linked to higher house prices and reflects the increased housing affordability of dual income families with fewer children, where the concept of a "traditional family" has changed substantially during recent generations. . Ethnic status. Now substantially less reliable and probably due to the higher multi-cultural nature of Melbourne. . Age factors. There is strong evidence that segmentation via age factors, especially Baby Boomers, will be increasingly linked to higher house prices. However, as Seniors face higher living costs there is evidence they are relocating to cheaper locations.
Discussion and conclusion
The study provided an insight into the relationship between demographic characteristics and property values over a ten year period. This research confirmed the existence and stability of social area analysis dimensions in Melbourne during 1996 Melbourne during , 2001 Melbourne during and 2006 . However, the importance of Socio-economic Status in the models weakened slightly over time although an emerging new factor (Low Income) in 2001 highlighted decreasing housing affordability. Furthermore, Family Status was changed from having a negative relationship with house prices (1996) to a positive relationship (2001) with this shift highlighting the changing nature of Family Status with lower fertility rates and increased disposable income. Possibly the high multi-cultural nature of Australia resulted in a large proportion of residents from overseas evenly distributed throughout Melbourne, which lessened the contribution of Ethnic Status to the model. Important contributions were made by two new "age" factors, notably Age (Seniors) and Age (Baby Boomers). In 2001 both social constructs were positively linked to higher house prices, reflecting a higher proportion of residents in these age cohorts to living in more expensive suburbs. This relationship changed from 1996 when both maintained a negligible or negative relationship with house prices. These age constructs have the potential to significantly influence demand for future housing services, both new and established, and consequently house prices. Addressing the needs of this group should benefit those with the foresight to anticipate and adapt to these demographic changes. For example, it is possible that the design of the four bedroom house with a study may revert back to the original two bedroom dwelling to suit smaller older families who are live at home longer with fewer children. These results have clearly demonstrated that demographics have a important role to play in the analysis of established housing markets, and no longer should the two disciplines remain separated. While it is acknowledged that the level of house prices is influenced by a myriad of economic, political and social influences, this research has highlighted the valuable contribution made by interpreting social influences. In this process the close relationship between house values, income and age were also highlighted. Clearly further research is required to monitor change over time for future censuses. It is also recommend that this research model is replicated using data from other cities located in Australia and overseas to determine if these trends are unique to Melbourne or reflect broader global trends. It is hypothesised that the latter is correct. This study was restricted to the individual demographic characteristics of residents and households who live within the residences and importantly make the conscious decision to live there. At the same time this research has excluded the relevance of other factors that would affect a purchaser's decision such as location, characteristics of the improvements and wider economic factors affecting the marketplace. The next stage is to include the distance variable via GIS to examine spatial trends. Also the data will be collected on other global cities over a corresponding period. The findings will assist policy-makers and housing market authorities to understand housing markets and also to incorporate a true level of social sustainability into the urban environment.
